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(54) Cinema projector using spatial light modulators 

(57) A digital projector (202) for a cinema projection 
system (200) for projecting images onto a display 
screen. The projector (202) receives digital image data, 
processes the digital image data to create an image 
data stream that is compatible with the chosen spatial 
light modulator, and. uses the processed image data to 
modulate a beam of light from the lamp console (102). 
A primary projection lens (204) and lens adapter 
mounted on a rotatable turret (206) focus the modulated 
light onto a display screen. Alternatively; an anamorphic 
projection lens W used to eliminate the need for a sepa- 102 ^ 
rate lens adapter. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the field of 
display systems, and more particularly to a cinema pro- 
jection system using spatial light modulators 

BACKGROUND OF THE INVENTION 



duction. distribution, and display cycle, theaters have 
invested a large amount of capital in their current facili- 
ties. These existing theatres would like to avoid aban- 
donment of their existing capital investments and 
5 minimize the additional capital necessary to transition to 
the digital projection technology. Therefore, what is 
needed is a projection system and method that allows 
the reuse of as much of the existing theater facilities and 
equipment as possible. 
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[0002] For decades the motion picture industry has 
refied on cellulose-based motion picture film to distrto- 
ute video information. Motion picture film, however, is 
not a convenient medium by which to distribute video 
information. Producing copies of a film is a time con- 
suming process which, while not prohibitively expensive 
or difficult is much more expensive than modem alter- 
natives such as manufacturing optical discs. Rim is also 
a relatively heavy medium which, at 25 pounds a canis- 
ter, represents a significant shipping expense. Film's 
disadvantages do not end with production and distribu- 
tion. Display of the films requires a trained projectionist 
to assemble the films with trailers and to operate the 
projection system Furthermore, film quickly degrades, 
often accumulating more than 80% of the lifetime 
scratches and dirt within the first two days of release. 
[0003] In adcfition to all of the physical drawbacks 
involved with the use of film to distribute motion pic- 
tures, there are also significant security concerns 
involved with the use of film. These security concerns 
center around the economic structure of the motion pic- 
ture industry. Motion pictures represent a tremendous 
investment of capital by the production studios The pro- 
duction studios rely on a stream of income over an 
extended period of time to recoup this investment and to 
return a profit. This income stream is fed by admission 
charges during the initial theatre showings of new 
releases, and through various other outlets for older 
motion pictures such as sales of video cassettes and 
royalties from television broadcasts. 
[0004] Unlike most industries where there are under- 
lying assets such as factories or secret production 
methodologies which prevent others from competing 
directly with the original producers of a product, the 
motion picture industry releases a product that may be 
easily and cheaply reproduced, or reused, without the 
necessity of a large capital investment These reproduc- 
tions compete directly with the original copies for audi- 
ences and markets-without generating additional 
revenue for the production studios. To combat the unau- 
thorized distribution of copies of the motion pictures, 
and to take advantage of the image quality and produc- 
tion advantages of modern digital technology, motion 
picture stucfios would like to transition to digital display 
projectors such as the digital micromirror device (DMD) 
based projectors 

[0005] Although digital projection provides many 
advantages over the traditional motion picture film pro- 



SUMMARY OF THE INVENTION 



[0006] The present application cfiscloses a projector 
for projection system suitable for cinema applications. 
15 One errtoodiment of the disclosed projector provides at 
least one digital spatial light modulator for selectively 
modulating light in response to image signals received 
from a signal processor. 

[0007] According to another embodiment disclosed by 
20 the present application, an image projection system is 
provided. The image projection system comprises a 
Fight source for projecting a beam of light along a Tight 
path, and a spatial light modulator and anamorphic lens 
disposed on the fight path. The spatial fight modiiator. 
25 which selectively modulates the beam of light has a 5:4 
aspect ratio while the anamorphic lens has a magnifica- 
tion ratio of 1.5:1. 
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[0008] For a more complete understanding of the 
present invention, and the advantages thereof, refer- 
ence is now made to the following descriptions token in 
conjunction with the accompanying drawings illustrating 
35 selected exemplary embodiments thereof, in which: 

FIGURE 1 is a schematic view of a lamp console 
and film projector according to the prior art 
FIGURE 2 is a schematic view of a lamp console 

40 and a digital projector system. 

FIGURE 3 is a side view of the optical path of the 
digital projector system of Figure 2. 
FIGURE 4 is a side view of the TIR prism group and 
color splitter prism group from Figure 3. 

45 FIGURE 5 is a perspective view of a lens adapter 
turret and primary projection lens from the digital 
projector of Figure 2. 

FIGURE 6 is a perspective view of a linear lens 
adapter turret and primary projection lens from the 

so digital projector of Figure 2. 

FIGURE 7 is a perspective view of a dual lens 
adapter turret and primary projection lens similar to 
the single lens adapter turret of Figure 5. 
FIGURE 8 is a perspective view of a linear lens tur- 

55 ret holding integrated projection lenses. 

FIGURE 9 is a schematic view of the lamp console 
and digital projector system of Figure 2 using a sin- 
gle integrated lens. 
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FIGURE 10 is a simplified pictorial representation 
of offset projection in a display system having exag- 
gerated offset angles. 

FIGURE 1 1 is a side view of an offset projection 
system used in a theater having stadium style seat- 5 
ing. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] - A digital projector has been developed that is 
interchangeable with existing fym projectors. The new 
projector provides large venue display capability without 
the need to modify existing projection booth facilities or 
lamp consoles. The new projector design allows theat- 
ers easily to switch between existing 35 and 70 mm film 
projectors and the new projector and reduces the train- 
ing necessary to operate the new projector since projec- 
tionists are already familiar with the operation of the 
existing lamp consoles. 
[0010] Figure 1 Is a stylized side view of an existing 
theater projection system 100. In Figure 1, the existing 
theater projection system 1 00 consists of two main por- 
tions, a lamp console 1 02 and an attached film projector 
114. The lamp console 102 contains a xenon arc lamp 
104 mounted in a cold reflector 106. The lamp console 
also houses the power supply 108 for the xenon arc 
lamp 104. When operating, the xenon lamp 104 pro- 
duces a lot of heat To keep the xenon arc lamp 104 as 
cool as possible, and thus extend the operating life of 
the xenon arc lamp 104. a cooling system 110 is 
installed in the lamp console 102. Typically the cooling 
system 1 10 is comprised of a fan and appropriate duct- 
work. 

[001 1 ] The lamp console 1 02 produces a high-inten- 
sity beam of light which exits the lamp console 102 
through an aperture in the side of the lamp console 1 02. 
Rim projector 114 receives the light exiting the console 
102. The film projector 1 14 includes a supply reel 110 
on which a portion of a 35 or 70 mm motion picture is 
mounted, and a take-up reel 1 1 8. The film projector 114 
contains motors, lenses, and shutters that chop the fight 
into frame periods. As the motion picture film is drawn 
through the projector from the supply reel 1 16 to the 
take-up reel 1 18. each frame of the film modulates the 
light beam for a short duration. The modulated light is 
then focused on an image plane or viewing screen by 
the projectors primary lens 120 after passing through a 
window 122 in the projection room's wall 124. 
[001 2] Figure 2 is a stylized side view of a digital cin- 
ema projection system 200 that adapts a digital projec- 
tor 202 to the existing lamp console 102. In addition to 
retaining the existing lamp console 102, the digital pro- 
jector 202 of Figure 2 retains the same entrance and 
exit points, or optical axis, for the light beam from the 
lamp console 102 and to the projection screen. Further- 
more, the digital projector occupies roughly the same 
volume as existing 35 and 70 mm f Bm projectors 114, 



The digital cinema projection system 200 is thus able to 
operate in existing projection booths without modifica- 
tion of the booth or projection windows 122. 
[001 3] Although existing lamp consoles are used with- 
out modification, the lamp consoles may be modified to 
improve their compatibility with DMD-based image pro- 
jection systems. One improvement is the replacement 
of the existing cold reflector 106 with a cold reflector 
having an f-number of less than 2.0. preferably an f- 
number of 1.5. The cold reflector 106 focuses as much 
as 12,000 lumens of light along the optical axis. 
[0014] The new digital projector 202 allows existing 
theaters to display modern digitally encoded images. 
The new digital projector 202 is capable of displaying 
many image formats. A signal processor 203 reformats 
digital image data to a format that is compatible with the 
chosen spatial light modulator. For example, if the digital 
projector 202 uses a digital micromirror device spatial 
light modulator, the image data will typically need to be 
converted from a pixel stream format to a bit-plane for- 
mat 

[0015] The new digital projector 202 also retains the 
film projector's attachment means. Rim projectors 
attach to a fixture called a gooseneck 1 1 2. A gooseneck 
112 is comprised of two vertical steel plates spaced 
apart by a steel extension. One end of the gooseneck 
1 12 is bolted to the lamp console 1 02 while the projector 
is bolted onto the other end of the gooseneck 112. 
[0016] As mentioned, a key feature of the design of 
the digital projector 202 is the retention of the existing 
optical interfaces. A folded optical path is used to allow 
the digital projector to fit in existing projection booths 
and to minimize the length of the projector 202 from the 
lamp console to the primary lens. Figure 3 is a sche- 
matic view of the components in the optical path of the 
projector showing the relative locations of the major 
optical components. The optical path shown in Figure 3 
is for purposes of illustration only, and not for purposes 
of limitation. 

[0017] As shown in Figure 3. light entering the cfigrtal 
projector 202 from the lamp console 102 strikes a cold 
mirror 302. The cold mirror 302 allows infrared light to 
pass while reflecting visible light toward an integrating 
rod 304. Light passing through the cold mirror 302 is 
reflected to an optional focus sensor 322. The optional 
focus sensor 322 allows the projectionist to peak the 
light output of the projector while the display screen is 
still dark. 

[0018] The cold mirror 302 not only folds the optical 
path to reduce the physical size of the digital projector 
202 along the primary optical axis 306. it also allows the 
integrator rod 304 to be positioned vertically. By mount- 
ing the integrator rod 304 vertically, the integrator rod 
304 will not have a tendency to collect dust particles on 
the ends of the irtegrator rod 304. Dust particles on the 
ends of the integ^tbr rod 304 lower the efficiency of the 
cfigrtal projector 202 and are visible on the image projec- 
tion screen. Vvhfle gravity prevents dust particles from 



15 



20 



25 



30 



35 



40 



45 



50 



3 



EP0 961 502 A2 



settling on the lower exit end of a vertical integrator rod 
304, the extremely high temperature present at the 
entrance of the integrator rod 304 prevents dust from 
accumulating on the upper entrance end of the Integra* 
tor rod 304. 

[0019] The vistole light reflected by ©old mirror 302 
enters the end of integrating rod 304. The integrating 
rod 304 ts a glass prism designed to internally reflect 
light entering the integrating rod 304. The internal 
reflections tend to Wend portions of the entering Tight 
beam and produce a homogeneous light beam exiting 
the far end of the integrator rod 304. 
[0020] After exiting the integrating rod 304, the light 
beam passes through lens 308 before striking another 
fold mirror 310. The fight beam then passes through a 
relay lens group 312 and is reflected by yet another fold 
mirror toward a collector lens 316 and a prism assembly 
318. After being modulated by the three spatial light 
modulators 320, the modulated light beam passes back 
through the prism assembly 318 and enters the primary 
projection lens 204. The primary projection lens, which 
focuses the modulated light beam onto an image 
screen, is positioned on the same optical axis 306 as 
the beam of light from the lamp console 102. 
[0021 ] The prism assembly 318. shown in more detail 
in Figure 4, typically is comprised of two groups of 
prisms and three digital spatial light modulators. The 
first functional prism group encountered by the incident 
beam of fight is the TIR prism group. The TIR prism 
group acts as a directional beam splitter to provide 
physical separation between the light beams incident on 
and reflected by the reflective spatial light modulators. 
Because the incident and reflected light beams used 
with typical DMD spatial fight modulators are only sepa- 
rated by about 20°, it is advantageous to fold one of the 
optical paths to separate the incident and reflected light 
beams and to prevent physical interference between the 
illumination and projection optics. The TIR prism, by 
folding only the illumination light path, provides about 
90° of separation between the illumination and projec- 
tion paths. 

[0022] The TIR prism group is comprised of a TIR 
prism 324 and a compensation prism 326. Light enter- 
ing the TIR prism 324 from lens 316 is internally 
reflected by the interface between the TIR prism 324 
and the compensation prism 326. The fight exits the TIR 
prism group and enters the color splitter prism group- 
After being modulated, the fight beam reenters the TIR 
prism group from the color splitter prism group The 
modulated light strikes the interface between the TIR 
prism 324 and the compensation prism 326 at an angle 
at which the light passes through the interface to the 
compensation prism 326 rather than reflecting at the 
interface. The modulated light continues through the 
compensation prism 326, which equalizes the optical 
length for all portions of the fight path, and enters the 
primary projection lens 204. 

[0023] The color splitter prism group is comprised of 



three prisms 328. 330, 332. and two dichroic fiters 
deposited on prism faces. White light entering the color 
splitter prism group is split into three component color 
light beams by selective reflection using the dichroic f i- 
5 ters. For example, as the white fight passes through a 
first color splitter prism 328. a first color component is 
reflected by a dichroic filter at the interface between the 
first color splitter prism 328 and a second color splitter 
prism 330. The reflected first color component light 
70 beam travels through the first color splitter prism 328 to 
a first spatial light modulator 319. The first spatial light 
modulator 319 selectively reflects portions of the first 
color component light beam to form a first single color 
image bearing light beam 
is [0024] The two color components of the white light 
beam which were not reflected by the first dichroic filter 
cross the interface between the first color splitter prism 
328 and the second color splitter prism 330. and pass 
through the second color splitter prism 330. A second 
20 dichroic filter at the interface between the second color 
splitter prism 330 and a third color splitter prism reflects 
a second single color component light beam through the 
second color splitter prism 330 to a second spatial light 
modulator 320. The second spatial light modulator 320 
25 selectively reflects portions of the second color compo- 
nent light beam to form a second single color image 
bearing fight beam. 

[0025] The remaining portion of the white light beam 
passes through the third color splitter prism to the third 
30 spatial light modulator 321 . The third spatial fight modu- 
lator 321 selectively reflects portions of the third color 
component fight beam to form a third single color image 
bearing fight beam. 

[0026] After the three single component light beams 
35 are modulated by the spatial light modulators, they 
retrace their paths through the color splitter prism group 
where they are recombined, and reenter the TIR prism 
group. As mentioned above, Ihey pass through the TIR 
prism group and enter the primary projection lens 204. 
40 [0027] The use of a TIR prism assembly requires the 
projection lens to operate with the chief rays telecentric 
at the spatial fight modulator in order to maximize the 
tight throughput without compromising the function of 
the TIR prism. Additionally, the primary projection lens 
45 204 must have a relatively long back focal length in 
order to be corrpattole with the TIR and color splitter 
prism assemblies. Furthermore, the primary projection 
lens 204 must have a large enough format to be able to 
image a 1280x1024 (SXGA) micromirror array-a 28mm 
so diagonal assuming the micromirrors are on 1 7pm cent- 
ers. These requirements require a relatively complex, 
and therefore expensive, primary projection lens. 
[0028] The location of the primary projection lens 204 
is also critical. Typical projection lenses used with 
55 micromirror devices have a very short depth of field in 
object space. Since the back focal distance is fixed, 
these primary projection lenses typically must be posi- 
tioned within a 20 micron tolerance. 
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[0029] An additional lens requirement is a result of the 
various media formats in use. Most theaters project 
media in both "Academy," also known as "flat." format, 
as well as media in a "Cinemascope" format Academy 
media, which uses a 1.87:1 aspect ratio, and Cine- 
mascope media, which uses a 2.35:1 aspect ratio, will 
each require anamorphic lens elements in order to use 
the full SXGA micromirror array, which has a 1.25:1 
aspect ratio. Furthermore, it is desirable for theaters to 
be able to project computer generated images using the 
1.25:1 aspect ratio. 

[0030] To avoid having to purchase three separate pri- 
mary lenses, and to avoid the focus and boresight prob- 
lems associated with interchangeable lenses, a fixed 
primary projection lens 204 coupled with afocal 
anamorphic and spherical adapters is used. An 
anamorphic lens adapter can be used with any media 
format In general, the anamorphic ratio of the lens 
adapter is equal to the media aspect ratio divided by the 
device aspect ratio. 

[0031 ] Preferably, the lens adapters are mounted on a 
moveable turret 206. Mounting primary projection 
lenses on the turret 206 is difficult due to the dose prox- 
imity between the primary projection lens 204 and the 
TIR prism group and the precise alignment required. 
The afocal anamorphic and spherical adapters, how- 
ever, are very insensitive to position errors-thus allowing 
the use of a motorized turret 

[0032] A typical lens adapter turret 206 is shown in 
Figure 5. The lens adapter turret 206 in Figure 5 has 
three positions. When the lens adapter turret 206 is 
rotated to a first position, an aperture 500 is aligned with 
the primary projection lens 204. The aperture position 
allows the display of a 1.?5:1 image and is used when 
displaying computer-generated graphics. 
[0033] When the lens adapter turret 206 is rotated to 
a second position, as shown in Figure 5, a 1 .5x anamor- 
phic lens 502-a lens having a 1.5x horizontal focal 
length reduction-is positioned in front of the primary pro- 
jection lens. The 1.5x anamorphic lens adapter 502 
allows the 1.25:1 micromirror array to fill an Academy 
screen with an Academy (1.87:1) image. Projecting an 
Academy image on a Cinemascope (2.35:1) screen 
requires a mask, such as the screen's curtains, to be 
used on the sides of the screen. 
[0034] The 1 .25:1 micromirror array is also capable of 
projecting a Cinemascope (2.35:1) image onto an Acad- 
emy (1.87:1) screen. To project the wide format image 
on the standard width screen, only the center rows of 
micromirror elements are used. For example, only the 
center 803 rows of a 1280x1024 element miaominror 
array are used, in conjunction with the primary projec- 
tion lens and i.5x anamorphic lens adapter 502. to 
project a Cinemascope image onto an Academy 
screen. While using the center rows of the spatial light 
modulator is preferred, any portion of the spatial fight 
modulator, or the entire spatial light modulator given an 
appropriate adapter, can be used. Then a Onemascope 



image is projected onto the Academy screen, the top 
and bottom portions of the screen are masked. Existing 
theater screens are often sized such that all four sides 
of the screen are masked, regardless of the image for- 

5 mat being projected. 

[0035] A third position of the lens adapter turret 206 
places a lens adapter 504 with 1 .5x anamorphic and 
1 .25x spherical power in front of the primary projection 
lens 204. Lens adapter 504 is used to project Cine- 

io mascope (2.35:1) images onto a Cinemascope screen. 
As discussed above, typically only the center rows of 
the miaomirror device are used to project a Cine- 
mascope image. 

[0036] Figure 6 shows an alternate turret conf igura- 
15 tion. The linear turret 208 shown in Rgure 6 performs 
the same function as the round turret 206 of Figure 5. 
Rather than rotate to align the aperture 500 or either of 
the adapter lenses 502, 504 with the. primary projection 
lens 204, the linear turret 208 slides from one position to 
20 the next. The turrets shown in Figures 5 and 6 are 
merely examples of the possible turret designs availa- 
ble. 

[0037] An alternative to the single primary projection 
lens 204 in combination with a single lens adapter cfis- 

25 cussed above is the use of a combination of separate 
lens adapters. In Figure 7. separate adapters are car- 
ried on two separate turrets 206. 207 to allow various 
combinations of the lens adapters on the two turrets. 
One embodiment of a projector using separate lens 

30 adapters uses an anamorphic lens adapter having a 
1.5x horizontal focal length reduction in combination 
with an anamorphic lens adapter having a 0.8x vertical 
focal length reduction. This combination allows all 1024 
rows of micromirror elements to be used to project a 

35 Cinemascope (2.35:1) image onto an Academy (1.87:1) 
screen. As in the prior examples, the top and bottom of 
the screen are masked. Rotating the 0.8x anamorphic 
lens adapter out of the projection path allows the projec- 
tor to display an Academy image on a Cinemascope 

40 screen. Substituting a 1 .9x anamorphic lens adapter for 
the 1.5x anamorphic lens adapter allows the projector 
to olsplay a Cinemascope image on a Cinemascope 
screen. 

[00%] Although not shown, alternate projector 
45 embocfiments utilize dual linear turrets 208 in place of 
the dual circular turrets 206. 207, shown in Figure 7. 
Alternatively, one or more linear turrets 208 are com- 
bined with one or more round turrets 206. 
[0039] The prior discussion was predicated on the 
so assumption that the digital projector would be required 
to project computer generated graphics without 
anamorphic magnification at least part of the time. Dig- 
ital projectors that are not required to project undis- 
torted images have the anamorphic magnification built 
55 into the rximary projection lens 2M. Combining the 
functions of an anamorphic lens adapter and the pri- 
mary projection lens 204 is less expensive than provid- 
ing two separate lenses. 
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[0040] Integrated projection lenses, lenses which per- 
form both the projection and anamorphic magnification 
functions, are preferred in instances where unreasona- 
bly large anamorphic adapters are required. For exam- 
ple, using a DMD spatial light modulator typically 
requires the use of a TIR illumination prism. As men- 
tioned above, the TIR prism requires the projection lens 
to operate with the chief rays telecentric in object space. 
Telecerrtric lenses have a relatively large lens diameter, 
which drives up the cost of the lens. A large projection 
lens also requires a large anamorphic adapter. An 
anamorphic adapter for a typical DMD-based cinematic 
projector must be approximately 6 to 8 inches in diame- 
ter-to large to be practical. Therefore, a DMD-based cin- 
ematic projector will typically use one or more 
integrated projection lenses instead of a single projec- 
tion lens in combination with several anamorphic adapt- 
ers. 



[0041] As described above in relation to separate 
anamorphic adapters, integrated lenses are either indi- 
vidually mounted on the projector when needed, or they 
are mounted on a turret to allow the desired lens easily 
to be positioned along the optical axis. Figure 8 depicts 
a linear turret 802 for a typical DMD-based projector 
using integrated projection lenses. Linear turret 802 
holds three integrated projection lenses 804. 806 and 
808. Two of the lenses. 804. 806 provide anamorphic 
magnif ication to allow projection of either Academy or 
Cinemascope media. The third lens 808 is spherical to 
allow undistorted projection of computer generated 
images. As with the above examples, a projector may 
be equipped with a greater or lesser number of lenses 
depending on the media formats it must project. Figure 
9 shows the projector of Figure 2 using a single inte- 
grated lens 804. 

[0042] Although telecentric lenses tend to be larger, 
and therefore more expensive than non-telecentric 
lenses, they have the additional advantage of providing 
good offset projection performance. Figure 10 is a sim- 
plified pictorial representation of offset projection in a 
display system having greatly exaggerated offset 
angles. Offset projection occurs when the object format 
diameter of the projection lens 1000, the largest object 
the projection lens 1000 is capable of imaging, fe larger 
than the actual object being imaged and the object 
being imaged is not located on the lens axis 1002. For 
example, projection lens 1000 has a field of view, as 
shown by rays 1004, which at the object plane defines 
an object format diameter much larger than the object 
being imaged. Then the projection lens 1000 is in posi- 
tion 1008, the image of modulator 1006 is projected by 
projection lens 1000 onto the image plane at location 
1010. R the projection lens 1000 is moved upward in 
relation to modulator 1006 to position 1012, the image 
of the modulator 1006 is shifted, or offset across the 
image plane to location 1014. Likewise, if the projection 
lens 1000 is moved downward in relation to modulator 
1 006 to position 1 01 6, the image of the modulator 1 006 



is shifted, or offset across the image plane to location 
1018. In Figure 10. the field of view shown by rays 1004 
is approximately four times as large as the modulator 
1 006 being "imaged. In practice, a lens with 400% offset 
5 is too expensive for most applications and the maximum 
offset is limited to 200% or less, typically 150%. 
[0043] Offset projection can be used to prevent image 
keystoning when the image projector is not at the same 
— elevation as the center of the projection screen-exactly 
io the situation presented by modern theaters with sta- 
dium seating. As shown in Figure 1 1 . when an on -axis 
projection system is positioned in the upper rear of a 
modern theater with stadium seating, the projector must 
be angled downward toward the center of a wall 
is mounted projection screen. This angle can be as large 
as 15°, resulting in the bottom of the image being wider 
than the top. H an offset projection system 1 102 is used, 
the optical axis 1104 of the projector 1102 remains per- 
pendicular, or nearly perpendicular, to frie screen i 106 
20 eiminating objectionable keystoning. 

[0044] In addition to enabling a cost-effective switcho- 
ver from traditional film media to modern cfigftal image 
storage and processing, the digital projector taught 
herein is easily upgradeable as digital image projection 
25 technology improves. For example, higher resolution 
spatial light modulators and control circuitry may be uti- 
lized without losing the investment in lenses. To con- 
tinue using the existing lenses, the new spatial light 
modulators need only retain the existing aspect ratio 
30 and format size. New spatial light modulators, such as a 
1600x1280 micromirror array, can maintain the existing 
aspect ratio and format size by shrinking the size of the 
individual micromirror elements. For instance, a 
1600x1280 spatial light modulator array using 13.6uJn 
35 elements is approximately the same size as a 
1280x1020 spatial Tight modulator array which has 
17um elements. 

[0045] Thus, although there has been disclosed to this 
point a particular embodiment for a projector system for 
40 digital cinema, it is not intended that such specific refer- 
ences be considered as limitations upon the scope of 
the present application. Furthermore, having described 
the system in connection with certain specific embed- 
ments thereof, it is to be understood that further modifi- 
es cations may now suggest themselves to those skilled in 
the art. 



Claims 

so 1. A projector for selectively modulating a beam of 
6ght in response to an image signal, which projector 
comprising: 

a signal processor for receiving said image sig- 
55 nal and for formatting said received image sig- 

nal; 

optics for cSrecting said beam of light onto at 
least one spatial light modulator, said at least 
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one spatial light modulator being arranged for 
receiving said formatted image signal and said 
beam of light, and for selectively reflecting por- 
tions of said beam of fight along a projection 
light path in response to said formatted image 
signal; and 

a primary lens for focussing light in said projec- 
tion light path onto an image plane. 

2. The projector according to claim 1 , wherein said at 
least one spatial light modulator comprises at least 
one digital micromirror device. 

3. The prqector according to claim 1 or claim 2. 
wherein said at least one spatial light modulator 
comprises three digital micromirror device. 

4. The projector according to any prececfing claim, 
wherein the or each spatial light modulator has a 
5:4 aspect ratio. 

5. A projection system including a projector for selec- 
tively modulating a beam of light in response to an 
image signal, which projector comprising: 

a signal processor for receiving said image sig- 
nal and for formatting said received image sig- 
nal; 

optics for directing said beam of light onto at 
least one spatial Bght modulator, said at least 
one spatial light modulator being arranged for 
receiving said formatted image signal and said 
beam of light, and for selectively reflecting por- 
tions of said beam of light along a projection 
light path in response to said formatted image 
signal; and 

a primary lens for focussing light in said projec- 
tion light path onto an image plane. 

6. The projection system according to claim 5, 
wherein said at least one spatial light modulator 
comprises at least one digital rnicrornirror device. 

7. The projection system according to claim 5 or claim 
6, wherein said at least one spatial light modulator 
comprises three digital micromirror device. 

8. The projection system according to any of claims 5 
to 7. wherein the or each spatial light modulator has 
a 5:4 aspect ratio. 

9. The projection system according to any of claims 5 
to 8 further comprising: 

a lens turret disposed in said projection light 
■ path. 

10. The projection system according to claim to 9, 



wherein said lens turret comprises: , 

a lens holder having at least two apertures, 
said lens holder operable to position each of 
5 said at least two apertures in said projection 

light path. 

11. The projection system according to claim 10 further 
comprising: 

10 

a spherical lens disposed in one or more of 
said at least two apertures. 

12. The projection system according to claim 10 further 
15 comprising: 

an anamorphic lens disposed in one or more of 
said at least two apertures. . 

20 13. The projection system according to claim 12, 
wherein said anamorphic lens has a magnification 
ratio of 1.5:1. 

14. The projection system according to claim 12 or 
25 claim 13, wherein said anamorphic lens is arranged 

to provide offset projection of said beam of selec- 
tively modulated light. 

15. The projection system according to any of claims 5 
30 to 1 4, wherein said optics comprises: 

a cold mirror disposed in said light path for 
receiving said beam of light; 
an integrator disposed in said light path for 
35 receiving said beam of light from said cold mir- 

ror; 

relay optics disposed in said light path for 
receiving said beam of light from said integra- 
tor; 

40 a prism assembly disposed in an illumination 

light path for receiving said beam of light from 
said relay optics and for splitting said beam of 
light into three monochromatic beams of light 

45 16. The projection system according to any of claims 5 
to 15 further comprising: 

a lamp console including a lamp for emitting 
said beam of light along said light path and 
so through an aperture in a lamp housing. 

17. The projection system according to claim 12 further 
comprising: 

55 a gooseneck coupled to said lamp console, 

said projector being coupled to said gooseneck 
and disposed on Mid light path. 
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